One mechanism that normally ensures alternation is the chromosome segregation during anaphase I degradation of mitotic B-type cyclins at the metaphase/ proceeds without sister chromatid separation [4][5][6][7]. anaphase transition after ubiquitination by the APC, an
prevents cyclin B accumulation beyond the level that is present at metaphase I. Full synthesis and accumulation can be restored in the presence of Three important questions about the partial decline in U0126 by the expression of a constitutively active cyclin B at anaphase I have not previously been addressed.
form of the MAPK target, p90
Rsk . Thus, p90 Rsk is First, does the partial cyclin B degradation at anaphase sufficient not only to partially inhibit APC activity [7] , I require xFizzy/Cdc20, and is degradation required for but also to stimulate cyclin B synthesis in Meiosis II. progression to Meiosis II; second, is there a requirement for APC activation for chromosome segregation at Meiosis Biochemical analysis of xFizzy ablation during oocyte maturation. (a) Oocytes previously injected with control or xFizzy antisense oligonucleotides were incubated with progesterone and, at the indicated times, homogenized and assayed for histone H1 kinase activity. Pro I, resting G2/prophase oocytes; GV, oocytes isolated within 10 min of GVBD (white spot formation); Pg, progesterone. (b) The analysis of the same lysates as in (a) by immunoblotting for xFizzy, cyclin B1, cyclin B2, cyclin E, phospho (active) MAP kinase (pMAPK), and phospho (inactive) Cdc2 (pCdc2), as indicated.
an electrophoretic shift that persisted until egg activation sense (AS) oligonucleotide strategy. Out of 18 different AS oligonucleotides tested, 2 were found to result in nearly at the end of MII (Figure 1 ). The increase in xFizzy abundance and its electrophoretic shift correlated with complete inhibition of xFizzy expression during maturation ( Figure 1 ). The absence of xFizzy had no effect on the elevation of Cdc2/cyclin B histone H1 kinase activity at GVBD. During anaphase I, the mobility of xFizzy rethe rate of entry into Meiosis I as judged by cyclin B1 accumulation, dephosphorylation of Cdc2, increased hismained retarded during the partial degradation of cyclin B1 and cyclin B2 (Figure 1b ), but the level of Fizzy tone H1 kinase activity, and MAPK activation ( Figure 1) . However, the ablation of xFizzy led to almost complete decreased by 50%, perhaps reflecting APC-dependent degradation reported in other systems [18] . xFizzy was failure to degrade either cyclin B1 or B2 at anaphase I ( Figure 1b , lane 7) or at anaphase II (after activation) also partially degraded and dephosphorylated at anaphase II after egg activation (Figures 1 and 2 ). To determine if (Figure 1b, lanes 12 and 13) . Importantly, the expression of exogenous xFizzy in AS-injected oocytes restored the xFizzy is important during maturation, we used an anti- Rescue of xFizzy-depleted oocytes by injection of xFizzy. Oocytes injected with control or antisense oligonucleotides were injected the following day with buffer or recombinant Histagged xFizzy protein from Sf9 cells. Oocytes were then incubated with progesterone and isolated at the indicated times, homogenized, and immunoblotted for xFizzy and cyclin B1. The arrow on the right side of the panel depicts exogenous His-tagged xFizzy, which migrates slower than endogenous xFizzy.
specific degradation of cyclin B at both anaphase I and by cytological analysis, after submission of this paper, Peter et al. [20] reported that formation of a first polar anaphase II (Figure 2 ), indicating that the effects of the AS oligos are a specific consequence of xFizzy ablation.
body containing DNA also occurred normally in MI after inactivation of xFizzy by various reagents . In addition, Peter et al. [20] found that inactivation of the APC by Cyclin B1 accumulated to higher than normal levels after mechanisms other than loss of xFizzy function also did anaphase I (Figure 1b , lane 11), suggesting continued not block anaphase I. Taken together, the biochemical progression to Meiosis II even in the absence of B-type and cytological evidence is compelling that in Xenopus, cyclin degradation or a decrease in Cdc2/cyclin B histone anaphase I can occur in the absence of APC activation H1 kinase activity at anaphase I. Not only was almost and that the MI → II transition proceeds normally in all the decrease in Cdc2/cyclin B histone H1 kinase at the absence of cyclin B degradation and decreased MPF anaphase I blocked by AS treatment, it subsequently inactivity. These results point to Meiosis I as a special creased to even higher levels than those seen in the control anaphase in which the segregation of homologous chromooocytes in concert with the elevated cyclin B1 levels (Figsomes does not appear to require xFizzy or APC activaure 1a). These higher levels reflect both the absence of tion. Localized degradation of cyclin B around the spindle, cyclin B1 degradation at MI and the new synthesis of cyclin B1 in MII [4] [5] [6] [7] [12] [13] [14] . To further biochemically investigate the idea that Meiosis II proceeds even without Figure 3 cyclin B degradation, control and AS oligo-injected oocytes were immunoblotted for expression of cyclin E, which begins in Meiosis II about 2 hr after GVBD [19] . The kinetics of cyclin E expression were unchanged by the ablation of xFizzy (Figure 1b, lanes 10-13) , indicating that this aspect of the MI → II transition also does not require APC activation or cyclin B degradation. To provide additional evidence at the cytological level that Meiosis II was proceeding in the absence of cyclin B degradation and MPF inactivation, spindle structures at the MI → II transition were studied. Previous reports have shown that after anaphase I and cytokinesis (first polar body formation) in Xenopus, a characteristic disc-shaped aggregate of microtubules forms with chromosomes irregularly
Immunostaining of the spindle and DNA during meiosis after xFizzy arranged upon it [8] . As shown in Figure 3 , such a structure ablation. Control or antisense oligonucleotide-injected oocytes were incubated with progesterone and isolated at the following times after forms after anaphase even in xFizzy-ablated oocytes. In Rsk is sufficient for cyclin B synthesis during Meiosis II. Oocytes injected with control or xFizzy antisense oligonucleotides were incubated with progesterone in the presence or absence of U0126. Oocytes were isolated at the indicated times and immunoblotted for xFizzy, cyclin B1, cyclin E, pMAPK and FLAGtagged CA-Rsk. "GVBD" indicates oocytes taken within 10 min of GVBD. "GVBDϩ1h" is the time of metaphase I spindle formation. The time of metaphase II spindle formation, indicated as MII in the figure, occurred 4 hr after GVBD.
which is undetectable with blotting, has been reported p90 Rsk -dependent inhibition of the APC is blocked at MII by U0126, almost all cyclin B is degraded (Figure 4 , lanes to occur during early cell cycles in Drosophila embryos [21] and might, in theory, require only traces of xFizzy 4 and 5). This decrease reflects the loss of inhibition of the APC by p90 Rsk [7] , but, in principle, could also reflect for APC function. This possibility is an unlikely explanation of the present results, however, because AS-ablation an effect of the MAPK pathway on cyclin B synthesis. The contribution of synthesis to cyclin B accumulation of xFizzy completely inhibited cyclin B degradation, anaphase II, and exit from MII in the same cells in which was evaluated after xFizzy had been ablated to completely inhibit the APC. Under these conditions little or no cyclin MI was unaffected ([3, 20] ; Figures 1 and 2 ). These results differ from studies with C. elegans in which mutations in B degradation occurs at anaphase I, which occurs 1 hr after GVBD (Figure 1b , lane 7 and Figure 4 , compare the APC are thought to account for defects in chromosome segregation [16, 17] . The basis for this difference is unlanes 2 and 3 to lanes 8 and 9). At MII, in xFizzy-ablated oocytes, about 50% of cyclin B1 is absent in the presence known but could be related to the rapidity of MI and II in C. elegans (10 min) and the fact that the meiotic divisions of U0126 (Figure 4 , lanes 10 and 11), representing the maintenance of the cyclin B accumulated during MI (lanes in this organism occur after fertilization, unlike what occurs in Xenopus and other vertebrates. 8 and 9). This suggests that half of the increased cyclin B1 at MII is the result of increased synthesis and this synthesis is MAPK-dependent. These results indicate the Cyclin B synthesis requires the MAPK pathway and p90
Rsk importance of both reduced degradation and increased Previous studies have suggested that the persistence of synthesis of cyclin B for linkage of M phases in meiosis, cyclin B at the MI → MII transition (e.g., Figure 1 , lanes and both these effects are dependent on an active MAPK 7-11) depends in part on decreased APC-dependent degpathway. radation via MAPK/p90
Rsk inhibition of the APC [7] . However, several studies in Xenopus have suggested that the synthesis of cyclin B also increases in MII [5, 7, [12] [13] [14] .
Recent studies in this and other laboratories have shown that many of the effects of MAPK in maturing oocytes The possibility that cyclin B synthesis in Meiosis II is MAPK-dependent was evaluated by examining cyclin B can be accounted for by the phosphorylation of a single downstream target, p90 Rsk [7, [22] [23] [24] . Much of the eviaccumulation in control and xFizzy-ablated oocytes in the presence and absence of U0126, a potent inhibitor of dence has come from examining the effects of a constitutively active form of p90 in Meiosis II is accounted for by Rsk, mRNA encoding GTAGAT-3 using Fizzy in pBSKS as a template. The amplified fragment FLAG-tagged CA-Rsk was injected into control and was cloned into the Sf9 cell expression vector pBAC-2cp (Novagen) and into the bacterial expression vector pET30-3a (Novagen). Both xFizzy-ablated oocytes in the presence and absence of recombinant proteins contain a 6ϫ histidine tag at the N terminus of U0126. CA-Rsk was able to restore cyclin B synthesis in the protein and were purified on Talon beads (Clontech) according to the absence of both xFizzy and endogenous MAPK activthe manufacturer's protocol. Polyclonal serum against xFizzy was a kind ity (Figure 4 , lanes 5 and 6 and 11 and 12). These results gift of T. Lorca and M. Doré e [3] . Spindle morphology was examined by confocal microscopy as previously described [23] .
indicate that the effect of the MAPK pathway on the synthesis of cyclin B is mediated by activation of p90
Rsk .
